Background. More HIV-infected women are reaching older age and menopause, but there is limited information on cervical squamous intraepithelial lesions (SILs) on these women. Methods. To assess the effect of HAART and menopause on SILs in HIVinfected women, we reviewed the results of Papanicolaou (Pap) tests obtained between 1991 and 2011 on 245 women. Progression to SILs was determined by comparing Pap test results. The association of HAART and transition to menopause on SILs was assessed using survival analysis. Results. Women receiving HAART had a 52% reduced risk in the progression to SILs compared to women receiving any other antiretroviral regimen or no regimen (CI: 0.33-0.70, = 0.0001). A greater increase of CD4 + cell counts was associated with a greater reduction on the risk of progression to SILs. Menopausal women had a 70% higher risk of progression to SILs than premenopausal women (CI: 1.11-2.62, < 0.0001), adjusting for HIV medications, CD4
Introduction
HIV infection increases the risk for invasive cervical carcinoma and its precursors, SILs [1] [2] [3] [4] . The introduction of HAART has significantly reduced morbidity and mortality in HIV-infected patients. The effect of HAART on SILs, however, has not been entirely clear. Some studies have reported a beneficial effect of HAART with increase in regression [5] [6] [7] [8] , or decrease in progression [5] of SILs. In contrast, other studies report no difference in regression [9] and progression [9, 10] of SILs, when comparing patients on HAART and those not on HAART. It should be noted that some of these studies had a short-term follow-up and the effect of HAART on SILs may not be obvious because it takes years to develop HPV-related lesions. Two seminal studies done recently showed a definitive beneficial effect of HAART on SIL in HIV-infected women; however, these studies did not assess the effect of menopause [11, 12] .
The number of HIV-infected women reaching menopause and older age is expected to increase due to improved survival on HAART. To date, there have only been limited studies which focused on SIL in HIV-infected menopausal women. Therefore, it is not clear whether the general guidelines regarding cervical cancer screening [13, 14] should be applied to HIV-infected menopausal women.
The purpose of this study was to assess the long-term effect of HAART and menopause on SILs in HIV-infected women and to determine the prevalence of SILs in menopausal women with HIV infection.
Materials and Methods

Study Population.
This 20-year retrospective study focused on HIV-infected women who were cared for at Strong Memorial Hospital (SMH) AIDS Center (AC) between January 1991 and December 2011. During this time, SMH AC followed 800-1061 individuals with HIV infection, of which 30% were women. Women were advised to have cervical cytology at baseline and also at 6 months and yearly thereafter if the initial Pap test results were normal. Women with abnormal Pap tests were referred to a gynecology clinic for colposcopy and further management. We had access to the information regarding cytology results and gynecological procedures from both the SMH AC and the gynecology clinic.
In total, 313 female patients were in the SMH AC database and were reviewed. Included in the study were HIV-infected women who were at least 18 years old and had 2 or more cervical Pap tests. This study was approved by the research subjects review board at the University of Rochester.
Women were excluded if they had had a hysterectomy prior to entry into care and/or if they had less than two cervical Pap tests done during the study period. Participants were considered to be postmenopausal as indicated by their clinicians in the medical records. Clinicians at the SMH AIDS Center use the standard definition of 12 months of amenorrhea in the absence of any hormonal therapy [15] , and they use levels of follicle-stimulating hormone as supportive criteria as needed [16] to define menopause in HIV-infected women.
Pap test results were reported according to the 1988 and 2001 Bethesda classification [17, 18] as normal, atypical squamous cells of undetermined significance (ASC-US), low grade squamous intraepithelial lesions (LGSIL), high grade squamous intraepithelial lesions (HGSIL), and squamous cell carcinoma. In the 2001 Bethesda system classification [18] , atypical squamous cells in which HSILs cannot be excluded (ASC-H) are added in the category of atypical squamous cells. Glandular abnormalities were not included.
For this analysis, we stratified antiretroviral treatments into 4 categories: (1) HAART, (2) "old HAART, " (3) any antiretroviral therapy ("any ART"), and (4) "no ART. " HAART was defined as current standard HAART regimens of two or more nucleoside reverse transcriptase inhibitors (NRTIs) plus at least a boosted protease inhibitor or a nonnucleoside reverse transcriptase inhibitor (NNRTI) or an integrase strand transfer inhibitor (raltegravir) or salvage regimen. "Old HAART" was defined as triple combination antiretroviral regimens containing indinavir, saquinavir, fosamprenavir, nelfinavir, or nevirapine. ART regimens not classified as HAART or "old HAART" were defined as "any ART. " "No ART" indicated that no antiretroviral therapy was used.
Progression to SILs was defined as worsening cervical dysplasia in subsequent Pap test (e.g., normal Pap test changing to ASCUS, LGSIL, HGSIL, or carcinoma in situ or ASCUS changing to LGSIL, HGSIL, or carcinoma in situ [17, 18] . The number of sexual partners was collected at each visit, but this number may not refer to the number of lifetime sexual partners the patient had.
Statistical Analysis.
The Cox proportional hazards model was used to investigate time to progression to SILs allowing for the possibility of a patient having multiple events, and the association of those events with time-dependent covariates (see Table 2 ), assessed at the visit prior to the event or censoring. To capture potential multiple events, we employed a counting process model which used a partial likelihood determined from the observed survival times of all events, for each subject. The sandwich estimator was used to adjust for the correlation to establish a robust standard error for the parameter estimates.
Following the assessment of the univariate survival models, a backward selection procedure with a > 0.05 was used to determine a parsimonious model from the abovementioned predictors of interest. All candidate predictors were entered into the model, and at each step, those variables, adjusted for all other variables in the model, that failed to have an associated ≤ 0.05 with the criterion, were removed. The model was evaluated after each variable was removed and the process stopped when all variables remaining in the model had a ≤ 0.05. All analyses used SAS 9.3 software (Copyright © 2011, SAS Institute Inc., Cary, NC, USA) on a Windows 7 platform.
Results
Among the 313 HIV-infected women in the data base, a total of 68 women were excluded; 38 had a history of hysterectomy, 1 had no available information on antiretroviral therapy, and 29 had fewer than 2 follow-up Pap tests documented during the study period; of these 29 patients, 17 were considered lost to follow-up (less than two cytology results and last visit prior to 2011), and 12 had entered the cohort recently. There was a significant difference in age at entry where those who were lost to follow-up were on average 5 years older than those not lost to follow-up ( = 0.0314). While non-Hispanics were more likely than Hispanics and Blacks more likely than Whites to drop out of care (OR = 4.16 (95% CI: 0.54, 32.13) and OR = 1.63 (95% CI: 0.50, 5.33), resp.), the width of the confidence intervals and nonsignificant differences ( = 0.1724 and = 0.4182) may reflect the modest numbers that were lost to follow-up.
Two hundred forty five HIV-infected women were eligible for analyses. The number of follow-ups among patients ranged from 2-36 months, and the average number of months between visits over the 245 patients was 11.77 ± 7.10. These women contributed a total of 2,364 cervical tests. The mean number of Pap tests for the cohort was 9.6 with a median of 9 (SD = 6.26), range 2-32, and the prevalence of SIL was 37% at baseline for the entire cohort. Table 1 shows the baseline characteristics of the cohort.
In the univariate survival analyses (see Table 2 ), the hazard ratios (HR) revealed that use of HAART, higher CD4 cell counts, menopause, increased duration of HIV infection, and increased age were associated with a decreased hazard of progression to SILs while increased viral load and being a current smoker versus a former smoker were associated with an increased hazard ratio; IV drug use was highly suggestive of a greater hazard of progression. At the visit defined as a progression visit 35% had progressed to ASCUS, 0.37% ASC-H, 57% to LGSIL, 7% to HGSIL, and 0.41% to cancer.
In the multivariate survival analysis (Table 3) , antiretroviral therapy, CD4
+ cell counts, duration of HIV infection, menopause, age, IV drug use, and smoking remained in the model. Use of HAART, higher CD4
+ cell counts, and increasing age were significantly associated with the lower risk of progression to SILs. Being menopausal was associated with an increased risk of SILs progression contrary to the finding in the univariate analysis. Since being menopausal reduced the hazard of progression in the univariate analysis (Table 2) but increased the hazard in the multivariate analysis we first looked at the variance inflation factor to see whether multicolinearity might have explained this hazard reversal. We did not find evidence of multicolinearity. The other plau-sible cause for the phenomenon was the potential role of age as a moderator variable, represented by the interaction of age and menopause in the multivariate analysis. In this model, age as a main effect was not a candidate for consideration in the backward elimination procedure since it served as a moderator variable and was highly correlated with menopause [19] . Thus, looking at the contrast of menopause compared to premenopause, the hazard of progression is greater for menopausal women (HR = 1.63, 95% CI = 1.03-2.58, < 0.0001). The interaction term of age by menopause further reveals that HIV-infected women who were menopausal at a younger age evidenced a higher rate of progression to cervical SILs, while the hazard of progression to cervical SILs for older menopausal women was lower (Table 3) . No women in our sample were younger than 38 and menopausal. The hazard ratio for the interaction term for those women below 38 and above 55 is essentially an expression of the fitted model. In our study population the average age of menopause was 48.3 ± 4.4. Overall, the proportion of menopausal women has been increasing over time (Figure 1 ). In 2011, 30% of HIV-infected women were postmenopausal. The prevalence of SILs fluctuated each year and ranged from 8.3% to 50% with a median of 30% and there was no statistically significant difference in the prevalence of SILs in menopausal women compared to nonmenopausal women (Figure 2 ).
Women on HAART had half the hazard of progression to SILs (HR = 0.47, 95% CI: 0.33-0.68, = 0.0001) when 
Discussion
The restoration of the immune function mediated by HAART in HIV-infected women may have a positive impact on cervical SILs [20] . Compared to those who are not on HAART, HIV-infected women on antiretroviral therapy tend to have a lower incidence rate of SILs [2] and higher probability of remaining free of SILs [21] . However, the effect of HAART on changes of SILs remains unclear and controversial. In their one-year follow-up study of 2,059 women, Minkoff et al. reported that HIV-infected women who were on HAART had a greater increase in regression and a greater decrease in the progression to SILs compared to women who were not on HAART [5] . It has also been reported that the use of HAART is associated with a higher rate of regression of SILs [6] and CINs [8] . Recently, Adler et al. conducted a large prospective study evaluating the effect of HAART on HPV-related cervical disease; in their study, the use of HAART increased the regression of cervical lesions [7] . The progression to cervical lesions was also reduced by 15% in those on HAART compared to those not on HAART, but the result was not statistically significant [7] . On the other hand, Schuman et al. reported that progression and regression of SILs were not different in HIV-infected women on HAART and not on HAART [9] and Lillo et al. showed no difference in regression of SILs [10] . Firnhaber et al. and Blitz et al. reported in recent studies decreased incidence and progression of SIL in HIV-infected women receiving modern HAART [11, 12] . Our retrospective cohort of prospectively collected information over 20 years aims to bring more clarity to understand the effects of HAART and menopause on the progression to SIL in HIV-infected women. We stratified HAART as two categories: HAART and "old HAART" because ART regimens containing indinavir, saquinavir, fosamprenavir, nelfinavir, or nevirapine are not preferred regimens due to lower potency, side effects, and inconvenient dose schedules [22] . We were able to compare women on HAART to those on "old HAART" because we analyzed up to almost 20 years in cumulative data (median 9.2 (0.4-19.9) years). In our study, we found that HIV-infected women on HAART had a lower risk of progression to SILs. Overall, HAART decreased the progression to cervical SILs by 51% in this stable cohort. Interestingly, we found that "old HAART" did not decrease risk of progression to SILs.
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Our findings suggest that the mixed results regarding the effect of HAART on SILs may be due to the lack of stratification by ARV regimen or the use of ARV medications which are considered less potent. In those previous studies [5] [6] [7] [8] [9] [10] , HAART regimens were probably regimens corresponding to "old HAART" as defined in our study alone or a mixture of "old HAART" and HAART since these studies were conducted between 1993 and 2000 [5, 6, [8] [9] [10] . Therefore, it is not surprising that the results of these previous studies were varied. In a recent study by Adler et al. [7] , their HAART regimens were not specified and probably included regimens corresponding to HAART as defined in our study.
An increase of CD4 + cell counts is a common direct consequence of HAART, and therefore the effect of increased CD4 + cell counts on SILs indirectly reflects the effect of HAART. Moore et al. reported that higher CD4 + cell counts 6
Infectious Diseases in Obstetrics and Gynecology were associated with higher rates of regression of SILs [23] .
Other studies have demonstrated that with lower CD4 + cell counts, the prevalence of HPV-related cervical lesions is increased [2] . Our study demonstrates that higher CD4 + cell counts are associated with a lower risk of progression to cervical SILs. However, some studies showed a discordant relationship between HAART and CD4 + cell count relating with HPV-related cervical lesions. Studies reporting no correlation between HAART and SILs in HIV-infected women demonstrated increased prevalence [10] or risk of progression [9] of SILs with decreased CD4 + cell counts. On the other hand, Heard et al. showed positive impact of HAART on cervical SILs but reported that CD4
+ cell counts were not associated with regression of SILs [8] . These inconsistencies regarding the effect of HAART and CD4 + cell counts on SILs on HIV-infected women suggest that additional immunologic factors may play a role in HPVrelated cervical disease in suppression HPV [20, 24] .
Our study finds that more women reached menopause with substantial improvement of morbidity and mortality in HIV infection after the introduction of HAART. One-third of our study population was menopausal in 2011. To our knowledge, only one study has evaluated prevalence of SILs in menopausal women with HIV infection [25] . Although only 18 patients were included in their study, Ceccaldi et al. also observed a high prevalence of SILs in postmenopausal women with HIV infection (50%) [25] . Our study also finds an increased risk of progression to SILs in menopausal women with HIV infection. Specially, HIV-infected women who are menopausal and younger age are at a much higher risk of progression to SILs than older menopausal women. At 50, the trend is reversed and may reflect reduction of risky behavior or better adjustment to a changing hormonal environment associated with increased age or possibly better adherence to medical advice since they are still part of the cohort.
Our finding of an increased risk of progression to cervical SIL in HIV-infected women who are menopausal at a younger age is important because it has been previously reported that HIV-infected women tend to become menopausal earlier than the general population [26, 27] . In our study, the average age at menopause was lower than that of general population (average age, 48.3 versus 52). In the general population, persistence of HPV infection is higher in women who are 42 or older when compared to younger women [28, 29] and the prevalence of high grade cervical dysplasia and cancer increases with age [29, 30] . Considering that there were only small numbers of high grade SILs in our study, we were not able to assess whether high grade cervical lesions are statistically more prevalent in older HIV-infected women. Although the model suggests that older menopausal women have a reduced hazard of progression, we have not addressed the degree of progression.
There are limitations in our study. Firstly, this is an observational study and as such is limited to the report of the associations that we have found. While additional higher order interactions are of interest, we chose to limit the interactions to the one where the further investigation was necessary (given the change in direction of the hazard ratio in the multivariate analysis when compared to the univariate and our knowledge of the conceptual relationships between these variables), rather than introduce possible spurious associations. Secondly, the analysis in our study was based on events of progression SILs. The second or third progression might have a higher risk of progression compared to the first progression and we did not fit a separate hazard function for each specific event number. However, when we looked at time to first progression, the use of HAART reduced progression to SILs in HIV-infected women (HR, 0.494, 95% CI, 0.334-0.730, = 0.0004). Thirdly, all progressions were treated uniformly in our study. For example, progression from ASCUS to LGSIL or one from HGSIL to cervical cancer is treated as a progression. The beneficial effect of HAART is much less pronounced in advanced SILs either due to failure of restoration of HPV-specific immune response and more genetic changes (e.g., more HPV DNA integration into host DNA) [24] . Notably, there were very few (41 out of 2,364 Pap tests) high grade cervical lesions in our study. Finally, our study did not include information on HPV infection, the main cause of SIL [31] . Although Ahdieh-Grant et al. [6] reported that there was no statistical difference in the status of HPV infection between HIV-infected women with regression of SILs and no regression, Schuman et al. [9] showed that HPV infection is a risk factor related to progression to SILs in HIV-infected women.
In addition, menopausal stage was determined by the patient's clinician and although most clinicians follow standard criteria they may not have applied these criteria uniformly for the entire cohort.
Conclusion
In conclusion, our study showed that the current standard HAART decreases risk of progression to SILs in HIV-infected women. However, menopausal women with HIV infection have a higher risk of progression to SILs than premenopausal women adjusting for age. Furthermore, HIV-infected women who reach menopause at an early age have the highest risk of progression to cervical SILs. The findings of this study are important because aging with HIV is a critical issue in the developed world and the additive effects of aging, HIV infection, and/or HAART on development or progression to SIL are not well understood. Future prospective studies examining the prevalence, natural course, and characteristics of HPV-related cervical lesions are needed to identify best practice guidelines for treatment and ultimately improve clinical outcomes in this high risk population.
HAART reduces the risk of progression to SILs in HIVinfected women. Menopause is a risk factor to the progression to SILs. HIV-infected women who reach menopause early have higher risk of progression to SILs.
